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-------------------------------- acceptable sta tic distribution (CV < 15%), 

Design and operating parameters for an ultra low 
volume small plot sprayer 

over a range of operating parameters. 
These data, however, show that the lateral 
distribution produced by these nozzles is 
sensitive to liquid flow rate (Figure I ), to 
low air volume (Figure 2) and boom 
height (Figure 3). 

J.H . Combellack, J. Bonilla and R.G. Richardson, Department of 
Conservation and Environment, Keith Turnbull Research Institute, Ballarto 
Road, Frankston, Victoria 3199, Australia. The 1/ 4 J nozzle set up tested com

prised fluid cap No. 2050 and air cap No. 
73328. They also gave acceptable distribu
tion (CV < 15%) over a range of operating 
parameters. The data show that thedistri
bution of spray from these nozzles is sen
sitive to flow rate (Figure 1) operating 
height (Figure 4) and low air volumes 
(Figure 5). 

Summary 
Twin fluid sprayers, where air is mixed 
with the spray solution, provide an easy 
way of reducing spray volumes. A port
able twin fluid spray unit that will de
liver volume rates of 15 L ha-t and greater 
when used at a walking speed of 1 m sec-t 

is described. A variety of second fluids 
such as propane, compressed air or nitro
gen can be used. These compressed gas
ses also act as the power source for the 
sprayer_ Optimal spraying parameters for 
this unit were established using a 
pattemator. Boom height and the flow 
rate for the second fluid markedly af
fected the lateral distribution of the spray 
while flow rates for the spray solution 
and nozzle spacing were not as critical. 
Construction details are included_ 

Introduction 
The use of twin fluid nozzles to apply herbi
cides at ultra low volumes (ULV< 10 L ha·') 
has been demonstrated by McWhorter et a[. 
(1988) and Barrentine and McWhorter 
(1988). The experimental nozzles used in 
their tests incorporate an impact nozzle tip. 
When these nozzles were used with a 
number of grass herbicides formulated in 
oil, control of Johnsongrass at ULV rates 
was more effective than high volume rates 
(> 100 L ha·'). Typically, a similar level of 
control of Johnsongrass was observed at 
0.5 to 0.6 of the dose rate applied at high 
volume. 

These results encouraged. the implemen
tation of a co-ordinated ULV project, 
"Spraysmart", in Australia . Manufacturers 
of nozzles, herbicides, spray equipment 
and government and university research
ers are co-operating in the projec t. The aim 
of the project is: 

"To develop an ultra low volume appli
cation system that is capable of safely ap
plying formulated herbicide at2 to 10 litres 
per hectare, in a prac tical and environmen
tally acceptable manner at reduced (10 to 
15%) dosage rates per unit area". 

Two key needs for the project to succeed 
were to: i) identify sui ta ble nozzles and 
their operating parameters and ii) design a 
practical small plot sprayer. 

Nozzle testing and selection 
A range of twin fluid nozzles that could 

be operated at flow rates of less than 50 mL 
per minute were tested on a patternator 
Footnote: 
A Ie] Crop Care, Melbourne, Australia 

with 25 mm channel spacing. The spray 
solution used was water plus 0.05% v Iv 
Agral 600' (an alkyl phenol ethoxylated 
surfactant). Impact tips mostly gave 
poor distribution with a coefficient of 
variation (CV) typically over 20%. The 
most uniform lateral distribution was 
given by 1/4 J and 1/ 8 JJ nozzles manu
factured by Spraying Systems. Of these 
the 1/ 8 JJ set·up No. Jl3A comprising 
fluid cap No. )2050 plus air cap J73328, 
produced a fla t-fan spray pattern with an 
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Even with these limitations bo th nozzle 
set-ups can provide acceptable spray dis
tribution for small plot sprayers. Because 
of their light weight the 1/8 JJ set up was 
selected and a hand held small plot 
sprayer has been designed incorporating 
them (Figure 6). 
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Figure 1. Effect of liquid flow rate on lateral distribution of 0.05% Agral 
600 from 1/4J ( • - air volume 40 L min·') and 1/8JJ ( 0 - air volume 35 L 
min-') nozzles at a spacing of 50 cm and a height of 50 em. 

250 

200 

150 
?F-
> 100 <J 

50 

0 

10 20 25 30 35 40 45 50 55 60 

Air volume (L min·' ) 

Figure 2. Effect of air volume on lateral distribution of 0.05% Agral 600 
from 1/8 JJ flat fan nozzles operating at 50 mL per nozzle. Nozzle spacing 
50 cm, boom height 50 cm. 
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Figure 3. Effect of air volume on lateral distribution of 0.05% Agral 600 
from 1/8 JJ flat fan spray nozzles at a flow rate of 50 mL per nozzle at four 
boom heights ( 0 35 em, .40 em, 0 45 em, • 50 em). Spacing 50 em. 
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Figure 4. Effect of air volume on lateral distribution of 0.05% AgraI 600 
from 1/4 J flat fan spray nozzles at a flow rate of 50 mL per nozzle at four 
boom heights ( 0 35 em, • 40 cm, 0 45 cm, • 50 cm). Spacing 45 cm. 
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Figure 5. Effect of air volume on lateral distribution of 0.05% Agral 600 
from 1/4 J flat fan nozzles operating at 50 mL per nozzle. Nozzle spacing 50 
em, boom 50 em. 

Figure 6. Twin fluid small plot sprayer using 1/8 JJ nozzles. The design is 
robust, simple and easily dismantled for Iransport. 

Control systems 
Propane gas was used as the propellant 
and second fluid . It was selected as it is 
readily avai lable, cheap and widely used 
on small plot sprayers in Australia. One 
kilogram of propane liquid will produce 
540 Iitres of propane gas at atmospheric 
pressure and it has been estimated that a 
4 kg bottle of propane is capable of treat
ing at least forty 20 m' plots. 

The propane gas is controlled at the bot
tle using a gas regulator, model CIG 
Comet 500 (450 kPa)'.lt is further control
led using a pneumatic regulator (Parker 
model 2150 EUR· BLF· 2R)C By changing 
the regulator springs the outlet pressure 
can be adjusted to lie between 20 to 400 
kPa to expel the spra y liquid and 20 to 200 
kPa for the gas supply to the nozzles. 

Boom construction 
The boom is constructed of 25 mm diam
eter PVC pipes and the 1/8 IT nozzles are 
mounted d irectly on the pipes. Propane 
gas is delivered to the nozzles through the 
handle and the boom piping and is con
trolled by a tap fitted between the regula
tor and the boom handle. As the gas pres
sure in the pipes is low, typically 60 to 90 
kPa at max imum, there is no need to glue 
the boom pipes together so it can be dis
mantled easily for transport. 

The spray is contained in a spun alu
minium container (Sieg, Switzerland) and 
is emitted under pressure typically 60 to 90 
kPa. A lid was drilled to take the inlet/out
let lines which were secured with 
Araldite®D before use. These containers are 
available in 300, 500 and 1000 mL capacity. 

The spray is carried to the nozzles using 
a 2.5 mm diameter nylon tube. The sec
ond fluid is transferred from the boom to 
the nozzle using a 5.0 mm diameter nylon 
tube. Legris!:: pneumatic push in fittings 
are used for all connections as they are 
convenient and enable the lines to be eas
ily detached for transportation. The total 
weight of the boom, not including the gas 
bottle and regulators, is 1.75 kg. 
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